Verbesina represents the largest genus of the subtribe Verbesininae in the Asteraceae family. This genus comprises more than 300 species of herbs, shrubs, and trees. About 150 Verbesina species are native to the Americas, ranging from eastern Canada to central Argentina. They are annual-to-herbaceous perennials that have numerous bright yellow flowers 1. Several compounds have been isolated from this genus, which has different ethnopharmacological uses. The essential oil composition of two Verbesina species has been reported: the major component from V. turbacensis, collected in Venezuela, was germacrene D (56.2%), followed by βcaryophyllene (8.1%), bicyclogermacrene (8.1%), and α-pinene (6.1%). This essential oil has antimicrobial activity against the human pathogens, Escherichia coli, Klebsiella pneumoniae, Staphylococcus aureus and Enterococcus faecalis. Two separate groups have described the composition of the essential oils from V. diversifolia collected from Ceara state in Brazil. Craveiro and coworkers reported γ-muurolene (30.5%) and γ-elemene (24.6%) as the major components, whereas the primary constituents in the study by Albuquerque and co-workers were bicyclogermacrene (20.7-23.2%), β-caryophyllene (7.4-14.8%) and germacrene D-4-ol (10.9-14.1%) 2. As part of our ongoing research of antimicrobial properties of plants from the Venezuelan Andes, we present here the chemical composition and antimicrobial activity of essential oils from V. negrensis.
Fresh leaves subjected to hydrodistillation using a Clevenger-type apparatus yielded 0.8% of essential oil. GC-MS analysis showed 27 compounds (97.7% of the sample). Table 1 lists all components identified in the analysis. Around 75% of the sample is made up of α-pinene (43.1%), α-humulene (13.8%), δ-cadinene (8.1%), limonene (4.6%) and bicyclogermacrene (4.2%). The monoterpenes, α-and β-pinene are the only common components observed in the essential oils reported for the genus Verbesina 2.
In the present investigation, the antibacterial activity of the essential oil of leaves of V. negrensis was determined against S. aureus pathogens, in addition to inhibitory activity against trypanosome cysteine protease 2,4. Our results confirm previous results by Mora and co-workers who observed inhibition of the same Grampositive species by a novel germacrene isolated from a chloroform extract of V. negrensis 5. The antibacterial properties of the V. negrensis essential oil could be due to the presence of α-pinene, the major component of the oil (43%). Several authors have reported the antibacterial properties of α-pinene; the pinene mechanism of action has been described as a destruction of cellular integrity by inhibiting the respiration and ion transport processes 6.
Experimental
Plant material: The aerial parts of Verbesina negrensis Steyerm. were collected in March 2011, during their flowering stage, at Pueblo Hondo, Aldea Llanetes, Táchira State, Venezuela. A voucher specimen (FM047) has been deposited at the Herbarium of the Faculty of Pharmacy and Biomedical Sciences of the University of Los Andes (MERF herbarium).
Isolation of the essential oil:
Fresh leaves (1000 g) were cut into small pieces and subjected to hydrodistillation for 3 h, using a Clevenger-type apparatus. The oil (0.8 % yield) was dried over anhydrous sodium sulfate and stored at 4ºC.
Gas chromatography-mass spectrometry: GC-MS analyses were performed using a Model 5973 Hewlett-Packard GC-MS system fitted with a HP-5MS fused silica column (30 m x 0.25 mm i.d., film thickness 0.25 m, Hewlett-Packard). After an initial temperature of 60°C, the oven was heated to 260°C at 4°C/min and the final temperature kept for 20 min; the transfer line temperature was programmed from 150ºC to 280ºC; source temperature, 230ºC; quadrupole temperature, 150ºC; carrier gas, helium, adjusted to a linear velocity of 34 cm/s; ionization energy, 70 eV; scan range, 40:500 amu; 3.9 scans/s. Sample (1.0 L) was injected using a Hewlett-Packard ALS injector with a split ratio of 50:1. The identity of the oil components was established based on their GC retention indices, by comparison of their MS with those of standard compounds available in the laboratory, and by a library search (Nist, 05) 7.
Bacterial strains and antibacterial assays: Antimicrobial activity was tested according to the disk diffusion assay described by Velasco et al. 8 . The strains and positive controls are described in Table 2 . The minimum inhibitory concentration (MIC) was determined only for bacteria that displayed inhibitory zones with the essential oil from V. negrensis. MIC was determined by dilution of the essential oil in dimethylsulfoxide (DMSO), within a concentration range of 10-600 μL/mL. MIC was defined as the lowest concentration that inhibited visible bacterial growth [9] . A negative control was also included in the test using a filter paper disk saturated with DMSO. Experiments were repeated at least twice.
